Given the recent tragedy involving a 350 pound Siberian Tiger and the death of teenager Carlos Souza Jr., one must ask a fundamental question: Can a tiger overcome an obstacle that is thirty-three feet away and twelve and a half feet tall? Are these dimensions sufficient enough to protect the zoo-visitors from a potential escape and/or attack? To answer these questions we use simple two-dimensional projectile motion to find the minimum velocity a tiger needs in order to clear the obstacle. With our results we conclude that it is highly likely that the tiger was able to leap over the obstacle with ease!
We begin by first writing down the two-dimensional kinematical equations satisfied by the projectile (tiger). To that end, assume that the initial velocity of the tiger just before being airborne is v 0 at an angle θ with respect to the horizontal. See Figure 1 .
Then the horizontal and vertical displacements x and y, respectively, covered by the tiger in time t is given by x = (v 0 cos θ)t
(1)
Note that g is acceleration due to gravity near the surface of the earth (≈ 32 f t/s 2 ) θ vo y and displacements are fixed quantities as made available by the San Francisco Zoo: x = 33 f t and y = 12.5 f t.
Solving for t in Eq.(1), t = x v 0 cos θ and substituting it in Eq.(2), we get
Solving for v 0 in this last equation, we obtain
We now look for the value of the angle of projection, θ which minimizes tiger's initial velocity, v 0 . Differentiating v 0 with respect to θ in Eq.(4), yields
To find the local extremum, we set dv 0 dθ = 0. This implies
Using right angle trigonometry, one obtains sin 2θ = x √ x 2 + y 2 and cos 2θ = −y √ x 2 + y 2 . Substituting these expressions in Eq.(4) we obtain,
Rationalizing the denominator, we get the final form for the minimum value of v 0 :
Substituting in the data, we get
Tigers can reach speeds up to 35 mi/hr. They can attain such speeds only over short distances (about 10 yards) during an attack [http://www.wonderquest.com].
Using simple physics, we have shown a highly possible solution as to how the tiger was able to escape its enclosure. From our calculations it was shown that a tiger only needs a little over 26 mi/hr to cross the 33 f t moat and clear the 12.5 f t high wall. From the current data that is available, a tiger can attain a maximum speed of 35 mi/hr.
Hence, the current dimensions of the enclosure are not enough to ensure that a tiger will not escape.
Alternate Solution
Here we employ non-calculus techniques to arrive at the same result depicted in Eq.(5).
To that end, we start with Eq.(3). Using the trigonometric identity, sec 2 θ = 1 + tan 2 θ and rearranging Eq.(3), we obtain,
This equation is quadratic in tan θ. If this quadratic equation has two real roots then there are two possible angles of projection. If the roots are complex then there is no angle of projection which will cause the tiger to clear the moat and the wall. If the roots are real and equal then there is a unique launch angle with the required property. In ballistics, this is sometimes referred to as the anti-aircraft gunnery problem.
For real and distinct roots, the discriminant of Eq.(6) must be non-negative:
Rearranging, we obtain a quartic inequality in v 0 :
The correct range of values for v 0 must be found by first obtaining the boundary points:
Thus the range of values of v 0 for which the Inequality(7) holds true, would be
However, since y < √ x 2 + y 2 , the first region above will not be a valid one. In addition, if we assume the maximum velocity of tiger to be 35 mi/hr (see the reference on the previous page), then the correct solution to the above inequality would take the form:
This is the same result as shown in Eq.(5)! An interesting result that is worth exploring are the launch angles corresponding to a given initial velocity, v 0 that is necessary to achieve the known horizontal and vertical displacements, x and y, respectively. Solving for θ in Eq.(6), we get:
We now compute the values of θ using the given data (x = 33 f t, y = 12.5 f t): 
